The essential oils (EOs) of leaves and twigs of Endlicheria arenosa Chanderb. were obtained by hydrodistillation using a Clevenger-type apparatus and the chemical composition was determined by GC and GC-MS. In total, 47 constituents were identified and sesquiterpene hydrocarbons (77.6%) were the main compounds found in the leaf EO, such as bicyclogermacrene (42.2%), germacrene D (12.5%) and β-caryophyllene (10.1%). Limonene (33.2%), terpinen-4-ol (15.6%) and δ-cadinol (6.9%) were the predominant constituents in the EO of the twigs. Using the DPPH radical-scavenging method, the EO of the leaves showed the greater radical-scavenging activity (216.5 ± 11.6 mg Trolox equivalents (TE)/mL compared to the EO of the twigs (122.6 ± 6.8 mg TE/mL). Also, the EO of leaves displayed promising antimicrobial activity against Escherichia coli (MIC 19.5 µg·mL -1 ). The present study is the first report about evaluation of volatile oils for this species.
The Lauraceae is made up of 52 genera and approximately 2550 species of tropical and warm subtropical aromatic trees and shrubs [1] . In Brazil there are about 400 species in 25 genera [2], most species have a terpene-like odor, and many have been used in medicine to treat diseases of the circulatory system [3] .
The genus Endlicheria presents around 60 species, which are distributed only in the Neotropics. Endlicheria arenosa Chanderb. is a tree up to 5 m tall, branchlets usually stout, densely tomentose with hairs relatively short erect, rust brown to dark red, leaves closely spiraled at tips of current flush. Leaf blade chartaceous, plane to subbullate, obovate to elliptic, acute base to obtuse, apex acute, acuminate, margins minutely recurved. Staminate inflorescences distally clustered in the axils of cataphyll, botryoid inflorescence, flowers distant, axes rusty tomentose, bracteola moderately dense, thinning distally; bracts and bracteoles persistent at anthesi. Flowers campanulate, sparsely pubescent outside. The fruits are drupes ovoid with cupules hemispherical, glabrous inside and outside. [4] . In Brazil the plant is distributed in the rainforest of Amazonas and Pará states, and is popularly known as "louro" [5] .
Despite the high aromatic potential, there have been few studies on the chemical composition of species of Endlicheria. Ma and coworkers have reported the isolation and identification of hexahydrobenzofuranoid neolignans and benzoate derivatives from Endlicheria dysodantha [6] . In this work, we have analyzed the leaf and twig essential oils (EOs) from E. arenosa. To our knowledge, there are no previous reports on either the phytochemistry or the biological activities of this plant.
The leaves and twigs dried of E. arenosa provided oil yields of 1.8% and 0.3%, respectively. Individual components were identified by comparison of both mass spectra and GC retention data with authentic compounds, which were previously analyzed and stored in the data system as well as with the aid of commercial libraries containing retention indices and mass spectra of volatile compounds commonly found in essential oils [7] . Forty-seven volatile components were identified and only twelve were determined in both oils, comprising approximately 100% of the total compositions (Table 1 ). The chemical composition showed differences between plant parts; sesquiterpene hydrocarbons were the most highly represented class in the leaf oil and monoterpene hydrocarbons were dominant in the EO of the twigs. This is the first study of the chemical composition of oils from E. arenosa; the principal constituents of the leaf EO were bicyclogermacrene (42.2%), germacrene D (12.5%) and βcaryophyllene (10.1%) followed by minor compounds as α-pinene (3.3%), spathulenol (3.3%) and δ-cadinene (3.2%). The sesquiterpene β-caryophyllene (20.0%) was identified among the main compounds in leaves of Endlicheria braceolate (Lauraceae) collected in two different seasons in the Amazon [8] . The occurrence of sesquiterpenes with the germacrane and caryophyllane skeletons in Lauraceae oils is common and previously reported. For example, bicyclogermacrene, germacrene D and β-caryophyllene were identified in different proportions in leafs oils of various Beilschmiedia [9], Cinnamomum [10] , Cryptocaria [11] , Ocotea [12] , Persea [13] , and Phoebe species [14] . Similarly, the EO of Nectandra leucantha showed as the main compounds bicyclogermacrene (28.4%), germacrene A (7.3%) and α-and β-pinene (6.6 and 4.6%, respectively) [15] , while the leaf EO of Rhodostemonodaphne kunthiana was dominated by germacrene D (64.4%) and bicyclogermacrene (17.6%) [16] . Likewise, the leaf oil of Neolitsea pallens (Lauraceae) was rich in β-caryophyllene (19.3%), germacrene D (12.7%), and furanogermenone (30.6%), while the bark was rich in germacrone (9.3%) and furanogermenone (59.1%) [17] .
The oil of the twigs was dominated by limonene (33.2%), terpinen-4-ol (15.6%) and δ-cadinol (6.9%) and small proportions of β-pinene (4.4%), 6-methoxy-elemicin (4.1%), α-muurolol (4.1%), and 2,5-dimethoxy-p-cymene (3.2%). The chemical compositions of the leaf and twig EOs of E. arenosa were very different. While the leaf oil was dominated by sesquiterpene hydrocarbons (see above), the twig oil was made up largely of monoterpenoids. This is perhaps not surprising; leaf and bark essential oils are often very different. For example, the leaf essential oil of Sassafras albidum (Lauraceae) was dominated by neral (9.9-17.2%) and geranial (10.7-26.5%) [18] , while the bark essential oil was dominated by α-pinene (37.9-61.5%) and β-pinene (10.0-13.0%) [19] . Similarly, the leaf oil of Verbesina turbacensis (Asteraceae) was rich in the sesquiterpene hydrocarbons δ-elemene [20] . However, the EOs of branches and leaves of Endlicheria citriodora collected in Amazon showed the same chemical composition characterized by high levels of methyl geranate (93.0%) [21] .
The essential oils showed the ability to reduce DPPH radicals and the absorbance of reaction mixture displayed a decrease at 517 nm. The kinetics of the reaction were considered slow (over 60 min) ( Figure 1 ) and the percentages of inhibition at 210 min were of 57.3 ± 10.6% and 46.5 ± 4.5% for the EOs of leaves and twigs, respectively. The antioxidant activity was expressed in comparison with the Trolox standard and the activity of the leaf EO was 334.1 ± 41.6 mg TE·mL -1 and 252.6 ± 24.4 mg TE·mL -1 for the twig EO.
The antioxidant activity of E. arenosa in this study is consistent with previous antioxidant activities on essential oils with comparable sesquiterpenoid compositions. The essential oil of P. aleyreanum with bicyclogermacrene (9.2%), germacrene D (6.9%), β-caryophyllene (6.2%), and spathulenol (5.2%) showed DPPH inhibition with 412.2 TE·mL -1 [22] . The essential oils of Annona salzmanii and A. pickelii, rich in bicyclogermacrene (20.3-45.4%) and β-caryophyllene (19.9-14.6%) showed significant antioxidant activity in both ORAC and DPPH assays [23] . The essential oil of Phlomis bourgaei, used as a folk remedy in Turkey and rich in βcaryophyllene (37.4%) and germacrene D (11.0%), showed activity in β-carotene/linoleic acid, DPPH, and ferric reducing power [24] .
The leaf and twig essential oils of E. arenosa were screened for antibacterial and antifungal activity ( Table 2 ). The leaf oil showed notable antibacterial activity against E. coli (MIC = 19.5 μg·mL -1 ), and both the leaf and twig EOs were marginally active against B. cereus (MIC = 156.0 μg·mL -1 ). Neither oil showed antifungal activity, however. The antibacterial activity of E. arenosa leaf oil cannot be explained by the concentrations of β-caryophyllene and germacrene D; these compounds have shown only marginal antibacterial activity against E. coli (MIC = 312 and 625 μg·mL -1 , respectively) or B. cereus (MIC = 156 and 625 μg·mL -1 , respectively) [25] . It is likely, therefore, that synergistic effects with minor components in the oil are responsible for the observed antibacterial activity [26] . Leaves and twigs were air-dried, pulverized, and subjected to hydrodistillation using a Clevenger-type apparatus (100 g, 3 h) . The oils were dried over anhydrous sodium sulfate, and their percentage contents were calculated on the basis of the dry weight of plant material. The moisture contents of the samples were calculated after phase separation using a Dean-Stark trap (5 g, 60 min) using toluene as the solvent phase.
Gas Chromatographic -Mass Spectral Analysis:
The essential oils of E. arenosa were analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector (MSD) [operated in the EI mode (electron energy = 70 eV), scan range = 40-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a (5% phenyl)-polymethylsiloxane stationary phase, film thickness of 0.25 μm, length of 30 m, and internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Injector temperature was 200ºC and detector temperature was 280ºC. The GC oven temperature program was used as follows: 40ºC initial temperature held for 10 min; increased at 3ºC/min to 200ºC; increased at 2ºC/min to 220 °C. A 0.2% w/v solution of the sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Antioxidant Assay: Antioxidant activity of the E. arenosa oils was determined by DPPH radical-scavenging assay. DPPH is a stable dark violet free radical with a maximum absorption at 517 nm, which is reduced in the presence of antioxidants. Each sample (5 µL) was mixed with 900 µL of 100 mM Tris-HCl buffer (pH 7.4), 40 µL of ethanol, and 50 µL of 0.5% (w/w) of Tween 20 solution and then added to 1 mL of 0.5 mM DPPH in ethanol. The standard curve was prepared using Trolox (0.25 -2.5 mg·mL -1 concentrations), an antioxidant derived from water-soluble vitamin E, expressed as milligrams of Trolox equivalent per milliliter of the sample [22] . Trolox was the positive control and solvent + buffer was the negative control. Samples were assayed in triplicate, and the results are shown as means ± standard deviation. Analysis of variance was conducted, and the differences between variables were tested for significance by T test, using GraphPad Prism 5.0 software. Differences at p < 0.05 were considered statistically significant. Escherichia coli (ATCC No. 10798) and minimum inhibitory concentrations (MICs) were determined using the microbroth dilution technique as described previously [27] . Dilutions of the crude extracts were prepared in cation-adjusted Mueller Hinton broth (CAMHB) beginning with 50 μL of 1% w/w solutions of crude extracts in DMSO plus 50 μL CAMHB. The extract solutions were serially diluted (1:1) in CAMHB in 96-well plates. Organisms at a concentration of approximately 1.5 × 10 8 colony-forming units (CFU)/mL were added to each well. Plates were incubated at 37°C for 24 hours; the final minimum inhibitory concentration (MIC) was determined as the lowest concentration without turbidity. Gentamicin was used as a positive antibiotic control; DMSO was used as a negative control. Anti-fungal activities against Aspergillus niger (ATCC No. 16888), Candida albicans (ATCC No.10231) and Botrytis cinerea (ATCC No. 62114) were determined as previously described [27] .
